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(57)Abstract: 

PURPOSE: To provide a semiconductor laser which has 
a low threshold value and can provide higher output by 
using a distributed reflection type multilayer film in a 
surface light-emitting laser which takes out laser beams 
in the horizontal direction to the main surface of a 
substrate, and to provide the manufacture of such a 
semiconductor laser, 

CONSTITUTION: At least an active layer 5 and clad 
layers 4, 6, are formed on a compound semiconductor 
substrate 1 having a distributed reflection type 
multilayer film 2. At least sides 8A, SB of the active 
layer 5 are structured as crystal planes {1 1 0}. 
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( 

1 

n, ^a:<tt>±iBffittB©fi!lffi«« {110} «SIIIii<k 

*j (ooi> ifeatt*iRic®gLTj$?>;^-s-«tcjgisa 

<o 0 1) isa«b&i^t:iifi-r£ (i i o) i^&m^o 

0 i> jfts«i:35i6ic®fi-r«;*u-^39»89:«t&n> ke 
He55«ji^«an, ^;fe< tfeiiHSttacjflra** ti i 

<o 0 1> iiawi*i^KSifi'r 
0) m&wi^hrm^titu 

ifiWflcW— If. 

SIflcSflcit::. 1110) lsaBJ:O^D <o 0 
i|i|M<£W— If. 

01 iiasM<tDfiE»j <ooi) iiss*ft:&i"ji-3ss-r«d> 
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!f. 

[0001] 

> lil-rv>t>i3)SH«5tl!¥»fl^V—tfR'^*®«e:*i6l' 

[0002] 

^T. ;H:a«!a:2»7a6iSft;rosim**a*nTti*. u 
mai^^ffij&TKL'ti. jint?tuT2j*c7Emttfl:**^ffi 

[0 0 0 3] cioi^ftM^Tt^— tftbxli, 09^« 
a«®*««f^W-1f®fE3t«ffilc:j^t^bT, StSlc^JL 

(S»Stt-f*>Xy^>iO . RIBE (KJStt-1'*> 

'l'Xy^>i''*fafflt"<5CtCJ;D, ff!l^«St6±t}g 
rtL.&*3J*BC^»l/Tlt«Ciia«:*|Sl*»et, 4 5 
• @S©i3^«i):*i6j35>St©2[Ei©S:*ttX'y^>i'*ff 
3 t »c J: ^ T W— if JttWitffllii ts^-mi^&m^l^ 

[0 0 0 4] U*»L&*«€>. CWi^/iS^ttH^-fX 

Q^j-- ^-eg©i|Eatt s t> o Tj^flt-r * !i t b 

[0 0 0 5] J:®it«), S«±H¥««:@i:Sitffit£ 

reici/— tf3tt*w*r*iJ-'5«i*fi*»*i^anTVi5. 
50 ^mr^. c©0iH:fev»Ttt. Sfi2 i±i;:4^«fl^e4P 
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(3) 

3 

10 0 0 61 IfOJ^flE:**^^^ 
G a A s t) f3£S<fc^4&i|^^«tS« 2 1 IC 

Al GaAs^JcD^Si'^yHBaS. GaAstA 
I G a A s i &3SSCa@ L-TSfiS^^EWS^MK 2 
4. 5IKGaAs4SiJ;0^-5gttJi2 5, pS®A 1 G 
aAs^J:i3^55'^y Ha2 6. pliOGaAs^J: 10 

LfcS. SlNi ^J:0ljE5KS»SjtK2 9£^ffiW 
tC«^«b. :»:{if£»rS#Slifl 2 4 ^aS%{t:KltlR 2 9 ^l 
®MT5t*GT?a«-r J; 5 C*SSS:«l)«r 5. 
[0 0 0 71 -tLTv fSe®«2 8 ©TgBl::fcV»TBfS 

a5l^S^«)T±BWIc«l;ittfAu/Zn/Au©«^H ^ 
J:«aS3 0 $«[5tUT. WR2 l<9SSl:t>l^««>« 
183 l&itlfbfca, ?L«S3 2«§^»UTv ±i£L.&J; 

5lc;:©?Lffl3 2*»e.5tBiL« T?a^rJ:5icS«2 i® 

?L8S 3 1 *> 6 V— lf3tm^*»TViS. 

[0 0 0 81 CCOi^C, 9'EI*«StbTiJ'^&SI* 

*5 r^gffilSmj ^6 0#S1^ (19 9 

1) , p. 2-13). 3i-flfSltS!*BKtL'TK«^ 

[0 0 0 9] i^1i.±.'&<om^'r:\mmmfim&■Ms^,\z1» 

»*Eitl!#l«l*9 5 %8«K±®KSIf*fr*i{J 

[0 0 1 01 ^ij-iciisttj*®#e)n««istu 

T> !f©Saffi)fi»lC4 5° S« 

^L»i"I.H.Kiiii et al. Appl.Phys.Lett.57(1990)pp2048- 
2050" ) . Cl®«j«liSfflWlC{4fS#T»S*t, -mz 
^SSSSffi'?' 4 5 • f^MS.m^^ R I B E 5^ > 50 
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[0 0 1 11 Hc, *4^a:i«Hi^j3&«#6n?>B'j®«ijit 

|t;^®ffi*je*£lt-f £4 5* Xy5'>i^*fToT-€-®«* 

**ffl*$nTVJ-5) ({ai^tf'N.Hamao et al. Appl.Phys. 
Lett.54(1989)pp2389-2391" ) . l'iPl'fS.ifi^Z.<DlSiT& 
■P'b±5!E®*1.»K««8a!tn»fcR 1 BE^®X-y5^> 

*«*u.s. 4#ic4 5asita®«a««tt««>Tffliit 

(0 0 1 2] 

[0 0 131 

[»SS:«R-r-5&*®^Sl 3|c«fB*Jil#P'-U'tt» 
•?-®-«®l«fi!«Iifc*:»f®H*Bllk:*'rJ:-5lc, »^ 

S4, miSim5AXf!H2<0{r7yYm6^m^\y^ 
<£:t>fi^ttfl5®fllW8ARZjC8B% {110} MfilS 

[0 0 1 41 ±M©«ltfil- 
*VJT»l®f 9y H/i4, «ttjS5Rr;»2©i'5y 
Fl6lt. fi!lM8A%Z/8B«t <0 0 1) USm^\Z 

[0 0 151 *fc5efc*»?SB. ±a®«!«l'J:*^» 

(t:W-tffc;fei/»T. a 2 fc-5-®-«3|®«fS«IW*!;:*:*fffi0 

p iciatt. < i t> il ®^>*SI«!*Bia 2 ©fliffi* 

{c^m^m^wfe- 1 ©£9 1 s (c^u 4 5 * £^t- A£ 

[0 0 1 61 S3tJ|»::*SS?qK:J:a4i»ftW-if©«ie 
*j*tt. -t©— W©iaH*H3 ARi;BKa*-r*5 

\z. {t^m^^Vf-mW 1 © {10 0} i!8Sffi± DfiRSi 

sis±fc, jH5#:!S»te< tt>^^^E«s*ei!i2, 
as <o 0 i> m^W3^\zm¥(ti> {110} jgsBJ: 

[0 0 1 71 *fc*5SMi|ii»#:V— Iftt. HUC^fJ: 
1 ±fc, WgB2 0ARt;2 0B 

<o 0 1) mskm^m\zm&.r^^^^m2o^WL 

\% r©>ii}-^ie2 0©±«ci^«SWl!*BK2*5^ 
1^?Sfi 2 0 &a 5 J; K:4>3a: < t 'bffittBRt^i' 
i:®«-&Bl®f v-y H©4. «tt®5Rt^ 
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(4) 

5 

ffi8AB.t;8B* {110} m^mt-LrmfRh. mm 

[0 0 181 SK*fc*58M¥ilM^l'-1f»S^ -tCD-^ 

IS 2 ±fcfl:^'»¥»#± 0 ;< -e-^fiiS 2 0 

2 0 ARi^2 oB*t (0 0 1) J; 

mic!)e'5'>Ha4. flittas. »2©i'7-yHB6* lo 

;< lJ-|5iB 2 0 5 J; 5 CJgJfi UT, iJ>;* < t fcffittS 
5©ffi!IW8 ARtXS B« {110} iBSffitUT^I^ 
U. flitte 5 A> ^{Wffi 8 ARt; 8 B LT4^^?Slt^ 

[0 0 19] sfc^^w^SM^i'— -eo-CTois 

2 *tflJs!5S n;feft-&4!»¥W*(=»#: 1 ±fc, flmB 8 A&t^ 
8B*t {1 1 0} leSBBJcD^O <0 0 1> 18aftfc*lRl 

miOi^^i/ FS4, ffittB5RCXm2©J'9^'H)i6 a> 

e,mm 8 ASt^ 8 B UT»ffiaWffl^^HK 2 -CKSt 

[0 0 2 01 HK:S&2|:«fB¥«M»:V-1f». 

S#1±C. {fflSS A»tX8B)9t {110} jSSSJ:D 

fiiD <ooi> ms,m:^iwzm^n'>fsi<hh»AiR 

^JgK2t. mi ©i'^-y 1*^4, fSttH5Rt;m2© 
gttB 5 6 8 ARt^ 8 B UTiJ-^SWS 
[0 0 2 11 

\Z. {1 1 0} «gaSJ:?)«.&«!|ffi8ARr;8BSWr 
Jl®J:5a {110} JSaMH. fc^ft¥SS^Sft:l± 

ic, 0i~ig4i;i3^-r<t3fc (0 0 1) iBa*toiFiRU-3g 
^•Ti^t <o 0 1> m^m\zmm-r^-77,i; i ssis 

ItfcSJC, MOCVD (*«|4iJS(Cj;5^fc^W5WS« 
® ^iSS-r* ^1 i: C J: t) T a«aS*WC# <otli. 

CO 0 2 2] En^> <o 0 1) iea(ft:&iR«'3gfi-r'5;* 

-y-35iE2 0©fl!l8R2 0 A&IX2 0 BXttVXi' 1 3©{B!l 
ffil 3 ARt^l 3 B*>S {110} mSkWifi^^'T^ 
ii. ;i© {1 1 0} iigaffi±-c»xtr^+i'-vJVfiKSjS 

S«iffi«)TjlV>Ct*»^, {b-&«)#^#P©^;S{BJtB8 
ARr;8BSr;:© {1 1 0} 50 



#M¥6-5 9 84 
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gL^'r^Z.tit)i'V^i>. ^SD, il>^< tfcfiHi©©{ll 
®8ARt;f8B&. »t:©^tSC5t*b4 5' feJ^f {1 
101 |gaffiCJ:D«^ff«>ctt;*S. 
[0 0 2 31 ^LT^©J:5irffittB{Mffi8 A&t;8B 

*t {1 1 0} igsHi;»3(S.5«^, ffittSrtTas^n 

fc%S3t«{BJ® 8 ARt; 8BK:J:oTCn&59— at 
l.T«tfCT*I«aCR*tSti. S*lfc«lt6ns4>R^E 
M^#gaS2(rfRl*^5rtt;iS5, EP^c©J:5!ft*l*as 
i:-r-5::tfcJ:oT, ^tSKItM^BK 2 SSttS© 
-ISfOmm 8 A*:fr bT«ttBl*i«iloT«:;&©«W 8 

B ^ift vxnzM^^RsmS'mm 2 rsiif ans vit)« 

TlfiJ€©3^S»CJBftL&««^A««J«an, Sfrl© 

[0 0 2 41 ::<D^3\z:^^m^m»P—^x\t. ■€•© 

g14@©fi!ffi8ARr;8B*R I E^©)«7-fX5/?-> 

[002 51 B 1 »C*V»T^9IdT*-rJ:3IC, 

tific,, c©sa&:»ct-r*2:tfcJ;-3T^i)-fiJ#ffl«! 
S©:^)S:5^tlgffiS#SCt««T?SSft:«>, »#Sita 

#aR2©JP$*:*:tUfc»3. ^<r>s.mm^mtbx±t 

CO 0 2 61 Sfc*56?q¥^«:^— if-ett, ft*tr)*lg 

1 ci:©K«'KW-«©*-T?*S»*«I^Si^t**T? 
^^CttttO. nS©i>^HI*l!^^IBK©*-t'<fcOffi 

[0 0 2 71 *fc*«Mc*viT, mz^inRitm^m 

TXy5^>'i'fl^ritUT«*-r«>:iilcJ:D, m2\z^t 
i. t CSttB 5 <Dmm 8 ART/ 8 B SSSMMt-?-©*® 
S©l*I{a!l:3&lRl»-5^7ha-&, C:©«!ffl8ARt^8BT?S 

st*ns3t©jieKs«*t^>*swa*iHiR 2 KiRi*»t> 
^sa*©fiT«r@ar-5 n 

[0 0 2 81 

WTs-fb^lb^^^^iiJc. Si©i'5^/l<S4. 

ette5RlXS|2©3'9f HJB6, XBISttJi 5 RlXi' 

7 >y 3 6 ©#^pis{*:s**fg^*n. 5 mmm 

ffiSART/SB** {110} ilSSWi:UT«l^an, ^ 

vxzLti^^mommifi^Axm-r <o o i> isaok 
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(5) 



[0 0 2 9] mi V-lf G a A 

s ^oit^^^m^^ 1(0 {10 0} ts&momxiii 

(10 0) jBSffi<l:OdE*a£Hl S±lc, ^^HlATf^-r 
<0 0 l> f^^m:&\^<DM^\i (0 0 1] ^Stt*[p];r 

Vf. ::(0;^-y-^fi2 oo±lci^*SW^^SSg2**f 
U 7^-9-^fi2 0efi5J:5fcC<D«^IBl<^)^^-yH 

vYMA. ISttH5Rt;il2©^^y H)B6<OiiB«llffi8 
ASr^SB^ {1101 Jgaffi^iU 09;^tifiOffi8A^ 
(1-10) BS, ffilBSB^ (1 1 0) ffli:bT«flcT 

[0 0 3 01 z:n^(o ci i o} KSSffifi, {100} 

AXtf8BJCJ:0Hllc:feViTT*ltSlt$n. »*S 

[0 0 3 1] 9Rrxi o«-en^n+v!yp'B7±^:S 

^ 1 ©SB 1 R±H««$n^®ffiT3b^. Ci^fllflclC 
:fel>T, ffittB5 75>e>!ii51fflrai8 ARt;8B^:frLT:»:* 

[0 0 3 2] Z,0>^oU^m^V-^<OWB.i3^0>-9i 
A-CcoSljgXgH&^flaLTBiMt" 

siws#«fi-So 3tna7Aic^-r,i:'5ir. w^tfns 

GaAscfcO/a'&fl:^«j4^»ftSffl±l- MOCVD 
ffi«JC^O> nfflGaAsainaAl GaAs t^fflB 

m^m^2\t. W^tfaSiftfiSlMmtL'. GaAs 
coa»r**3. 5 0. AI0.7 Gao.3 As<DJB»r*S 
3. 0 64i:LT. jE«*dt7 0 9^ fc^-S J: ^ Jei-^coK 
i^^SSL, Bp-^nSGaAs^^^B 0 Onmflcl^U:/^ 
JSS8 1- 6nmCDnS!A Io.t Gao.s As St 
ffS7 1. 4nm<DnSGaAsSt*SfS;ri OHT 
•::3SSbTe:oi>:fljSI*ia#'eM2 *«^KLfco 
[0 0 3 3] •€'UTCico«H7Bir^-r<fc'5ic> :7:i- H 40 
UVi^^7^«<DaffllcJ:D, <0 0l> «eStt:»iRjtc 

TSjS^co«3^5^«LT, c:ti6}83coMtr;*if^E 
2 O^W^-r^. CcDS-g-. (0 0 1) )@aai<7>01;^(f 
CO 0 1] ^^W5)P\t, CO -10) iKfttt:&f«l<i:lCM 

:&TsffljS2 0 ARr;2 (^B^^^^^m^':f5m(on^ 

->a:bT»«U H7Bl:::fel^iT^8JAT:SrH7<Z) 

)ffiffijcits!-r^ CO 0 ID i^^m5mz^^^m^2Q 

O^m, i»cWB-e^f (0-10] teS*ft:*lBjlCl&^S 50 
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a&l 0 OAtnitL;/^. ^1?-^e2 OOWillffil 5 AR 

t;i 5Btt*n^n (0-10) fia®^: (o i o) 

[00 34] ;fc«rH 7 01^^1-^:5 13. roi^^^&SWS 
#lJg2<?:)±lr. m\<o{;'7vVm^. m^msms% 

«»8 0 0'Ci:L/TXlfi5^ + >/Y;Vd6fiUfc, il<0« 
mio:)^^'^!^ HStUTJS^O. 2Mm(7)nS<^G 
aAs^i:, /?^1. O/zmOnMA lea Gao.7 A 

5 0 nmflOnSlGaAsBtJSS 5 OnmO ISlGaA 
sMt^^miy^ *fcStt@5(i:bTiMI no.isGa 
o.96As^&««U 5ltc:<f-f HSi:UTJ?;^ 5 0nm 
a)GaAsH, IPS 5 0 nmOpSlG a A s Ji$?g*S 
-^(0±JCp* (DGaAs JcOric^^iry:/® (H^ 
^•f) *P^0. 3 wmtUTaESTTSo 

[0 0 3 5] C<Z>i#. S-lO«!lffi8ARt^8BH. S 
fflCD^Hl Si:4 5" <7)ftSSa-r {110} 
omTLM (1-10) eSBXtf (1 1 0) fiSffitU 

TSifictftis. HJ-^cn^ {110} «aa30^;*iJ*^e 

2 0(?!>fflIfi8*^6SfibT*i:St. 21<D {1 1 0} ttS 
® ±T «ffi«e) T X fc! ^ V ;i 

Cn&fi0ffi8 ARI^8B±<DS'g(Dl53l*a8?)Tl* 
<;5:0. flJtll8A2ferK8BtthifiLfc<fc5lC {110} 

[0 0 3 6] 'ebT2:(0.fc5;^««t-rSCi:lC<fc-3 

-e^Ti:5lC. «H8ARtK8B$5^-Si:bTm 

[0 0 3 7] z.o'Ami\z^^iio\z^^v:fmi ±i 

SA:iO[)ttSl R±tlCAuZn«^O^^^ISii 

Tc:ns«ffi9Rtf 1 0M«cms<^s«6^a«"r^Jit 

€ 5 0n> 1 <0/t> }^^^r y :/JC]tL. 

|B5fett. G a A s J: D^K^Sff 1 {CKiRSnT JC^I^SB'^^ 

So 

[0 0 3 8] ^yi:. C(0«^<7)>^1t35®2 0±O±ffi;&^ 

e»^fc¥®H^H8«c^-r. sico^7^-/Hs. se® 
Rr;»2<3[)i^^>y p®«j;D««sns*«#Bi 6© 
{fflffiii. :g^?i^/x^->t$tifcy'9-^e2 o<Dg5a;:: 

»3flilffi8 ARrK8Bt. fiiatr«'5{fflHl SAStXl 
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8BK:J:0H*tLT^fi-rS. cnSffllffil BARtKl 
8BfeSfcSft^<Z)^®t4 5" (K>f^m.^1rt {1101 

usmomx\t (10-1) ussffixtf (loi) 

2 SKSSS^ff ^ J: 3 Lifi-n^^. 10 

[0 0 3 9] *&> Ji)S<7)HlC*V^Ttt^1J-35e2 0& 

R I E^<3[)i*^ftX'y5'>^?'{Cct:t3TS«^l llHit^* 

^mjj^xy^y^^ff^r. m9\z^'r^o\zmi^v 
itmm^^h. ^<Dmw^mmt\z»:^nitmui9ifl 
<o 0 i> isstt*[«)icsfi-r^J;^^->^iJ-^®2 OS 

[0 0 4 0] :k\Z^2^^mVX:^mM<Oi^(Dm^&m 20 

yzmmr^. ^2\z^\f^x. Binc»«rrsa5»fcBra 

Rt;:pl/0!57 5^HS3 6saRMt::MOCVDJ5fefcJ; 

^mm2t. s{cc<?[)«'&fi&tt@5&r/^^^>Fe3 6 

CDffl!|ffi8A&i;8BS> 3EH1 S;c^*L4 5" S^-Tft 

[0 0 4 1] j:Ocfc'9;^^S(*^wifo»ii:S*o-03 

0!)«^a3 Atr^Tct^lC, nS(OGaAs^J:D)*^ 
ft'&^i^*^ Sft 1 (O^M 1 S JilC, AT?^T < 0 

0 1) )ieatt*i^jcsfi"r^nso:)»*K#fs#«iR2 

^a^b^tg, RiE^o:>Mc:^^:^y^>^^z^^;^'^ 
35®2 0€rJ^J^U, -eco^ i ^coGa A s^J:D^K^fi§ 
ttB. p3!A 1 GaAs^icO^'S^^^y HS3 6«ia 

*Mo c V Dji^fci 0 X t:3^ =^^-> V ju^fi-r ^ o 

[0 0 4 2] C(Dj:^t-. gteS 5 «ri^^E«IB^^IK 

ttSSOfflaffiS ARrKSBfa, >t-9-^iB2 0(0«SB2 0 
ARr;2 0BcfcD^fl)l3v^:7hUTL*5, Vt^XC<D 
^^X\t. 4 5^ El*tt^25:-5fi!lffi SARINS BTRW 
b&^«» -€-CDSIfL/S:ffiB**e)i}'WSItS^aK2^ 

xytmieLmm^%rcu^>ftisb\z, Mtrvrm^-oxv^ 
^ztt^f). i^^RStm0rmm2XKmvrzmmxs 

[0 0 4 31 Vfi^V:f3if)^ib. *5!BJ(Z43V^T;i^:a)<k5 
;5:«^tc3Sb«AtfS i C 1^ la . XfSS i.C 1 50 



mzmm^:r.y^>^^nv. ^:nic<tD. ^if^ie2 

O±0^@tt7c:CDJ&«S«-3fc**X';^5">d/sn, Bl 

^(o[^m\zzyyh'r^z,ttrsiK^. c<^>4 5* si^sn? 

SitUfc3tttffll^«::J.'^it»Wle:i)^^R*fS#eK2 
^y:f^}>ifVX. JiJEbfcJ:53S:»ttH5 4»*Eit 

[0 0 4 41 ^zo^m^t. mitmsommsAmfsB 
mzG^Asm(D^mi^m^^<m<n0^M^'^^*^^ 

[0 0 4 5] c:o<fc5>S:aijS:&ffi**«fflbT. « 
1 0 mfm 1 1 i;:-en-en*f«osajsxss*-r 

5&^T#^, 01 OSI/Hl ltC:feViT. H2Ri;BI3ir 
[0 0 4 6] 9c^m 1 0 AXtFB lC*-r«IC:BliTtt. 

f <oo 1> ilBS«ii5[e»-«^»SS&W-rs>tit^i82 

(Ci^^Slta^SS 2 . SttS 5 RXfi; ^y\^m3 6^ 
M O C V D ft^lCct D X !f ;V'fiEfibfe *><Z>T & 

So CCOJg'&Hl 0 AlC^Tct^tC. i>:ftSI^^#SK 
2. ^tt@5]&r/^^ .y KB3 6<^SB{i>t'9'^fi2 0 

ojR8?;&^6M:i:'r«^«fc3ic-€-n-en (i i oi isaffls 

[0 0 4 7] -eoS. ^ffiWlC«Eaj^x>y^>y£Sfi-r 

tlci-^T. 0 1 0 B tc^-r J;^ tcflSttS 5 omM 8 

ARtf8B*trtfl«C>':7hSn. «B8ARt^8B7?S 

H^nrc^tmm\zKr:>m&m\z^^Kmm^mm2\z 

[0 0 4 8] ^fc. 01 1 AJc^-rJ:^^::. fl:^®J*SS 

ft:Sfl^i±jc <o 0 1) «gatt:>5isiiw®S"rsj|*B5«rW 

^ 5 Rt^iJ' y V 3 6 ^WAMO C V DiS^lZcfc Dx 

t:4^^->^;p^Sfi"r'5^> &^icj:d {i i oi «SS9 

[0 0 4 91 *CD««lS«^X^y5^>i^€rJfi^ai> 011 
BJC^"rJ:5lC. SttS5(3!>fiJffi8Aar;8B;0^rtfflI{C 
v'^h^n. 2:C0«-&JC:feViTt>«IB58A2&t;8BTS 
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11 

[0 0 5 0] mzm4^^mvx:^mm^M^i'—^o) 

©GaAsS.J:D«SA*-;>7TSl 2 5£««L.fc^, ± 
oTfl!lg62 0 ARt;2 OB*t <0 0 1> iBSWli&lSlCaE 

8 0 ot;tbT}gdE*n«. 

[0 0 5 1] C:ro«^tc:*3V»TfefiH4H5 0Wfi5ffi8 A 
-BLXfZ B*«S<*: 1 0±W 1 S 1 4 5 • on&^IS.'T { 1 

10} fssHtUTfi^sn. 5cWc, dRr;eT*-r 

J: 5 CSttS 5 WfilS 8 ARt; 8 B LTi)-*S 

itM#sii2TSSifsn5^^migs«^-&. 

[0 0 5 21 ^JC0 5&#»aUT*55M¥«frV— lf» 
JB2©i7 9y KJB6, 4^vv/r^»736»«A«fi(rifi<OH 1 

[0 0 5 3] c®«-&> 7* hu vi^^y-f^roafflt 

J:t)S10. , SIN. ^.fcDjSS^::^^'! aS^SIA 

T?^f <oo i> mmi-^n\zm^-rz>n{r-yii\.x 

DjS^lC J: 0 ^gSSS 8 0 0 ■CgSPt bT«-S 4 . 

fiB*»&3l»l®*ffil Sa:4 5' *!fe-r {1 1 01 *SS 
BB*gi!S%*WlC^i;$1i:, fflUffiS ARl^SBA^ (1 1 
0) i!SSfflJ:t)«D <0 0 1> mSkmzMSi^^^o\z. 
mi®i'7?/HS4. fSttB5Rr;m2©^7^;HIB6 

*> 6«« >^-9-*^E 5 0 &«*r«. 

[0 0 5 4] ;i®J;5KUT, 55Wc. dST/e-C^T 
J; 5 CftttB 5 A> ibnmi 8 ARC^ 8 B LTi>i&S 

to 0 5 51 5*C»::H6*#8«UT*«?g¥««:V— 
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mWk2t. Sl©i'5>;'H^4, fiH4S5Rt/l|2©i' 

TSi93L&«i:IPI»©«««)«*'b^TJ^J«SnT« 
■5. 

[0 0 5 6] ■^■bTCl©ig^C*V>T'fe, ^WA-Ca^f 

<o 0 i> «gs*6:&i«i»::ffi:g!l"5/^^'->tUT7*h 

UVi^97^«©affl»::«fcO-77,d7 1 3«:J^fifebfc^ 
ifi©«-^2, 4. 5, 6RlX7£W^lfMOCVDfttr 
J:0)«giaSES8 0 0"CSaftLTfltg-rsi:a:IC±o 
W T, '^Xi'l 3©»»*>&«ffl®±ffllSt4 5' * 
;^-r { 1 1 0 1 ieSffi*»S«8554«C*U. &S©fi!lffi 
;)M1 1 0} ilS&M<l:Oj$0 <0 0 1) I^S^Wj^^m 
Sf «^1^4R55S5 0*«»)«Sti«. 
[0 0 5 7] c:©J;5CbT, ^B3c, dRlXeT^f 
J: 5 fcfiHtg 5 Ifi e. WflSB 8 AStX 8 B L-T^>*S 

[0 0 5 81 (Ji. S5RU:06C3^-r«IC*5ViTa, "7 
20 Xi^l 3©3ilifC¥iJf#H*»a«snJ4V»flflET*n 

tf. cwvjj^i'i 3®K$&ttSCjB)£ra^t«»Tr# 

[0 0 5 91 ±5^Ufei5ICHlRrXH4~H6fc*V» 
8 ARt)J8 B?£R I E^© H^-f X-y^^V^^SrSffl-r?) 
fi^JBRtfaH* 1 ©±ffi 1 S fc5^L'4 5 • ©ftssft-rs 

[0 0 6 01 Sfcv ±j£©#*JiS««ICi5V^-r;< •9-^62 
50 0 ^fcttvxd^H 1 3 »:H*n&«l«*a# 1 

JBj3E-r^JltlC±D, ^^ftV— !f©2*5E7l"ffl2ft 

[0 0 6 U 35fc. }gttB5®S^t («) 
ft««S)»J«-rscitA^^. r©ss*:*:a:-rs;ii:j- 
J:o T^»3pJ#®*SS©:^a^)*SS&#5 ^ t**^^ 
^.fcje). i)'^&EltS#^aM2©j?SS:*:tLfcD, ^© 
Kit<S€«»X* H < « A tf ±3* Ufc J; 5 
7 0%igeifrSCt«tT?^T, ^»ii5V»^IJ»*^2>2: 

[0 0 6 2] MICSfc. 2 5 

[0 0 6 3] ^;2:C©ii-&. {1 1 0} jSa9<fc0^i>. 
«W8ARt;8BJ:, *fcH6«':teJt««Hl 8 ARTf 

1 8B±.lc:*v>T'b» J&«>g*©i?$©¥2g«t:®**J^iK 
snscttitts. ::©&«>. *stt® s ©«!lffid*^l-8B 
so tzam-r^ciifK, <tDJBtff*®/Msv» (/i>k=¥^ 
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[0 0 6 4] Bi, 0 5S:r;06>C:fe(^iTtt {110}^ 

{110} i!SSSi±lc»v^*«»:e*«dJfii-^2: 
[0 0 6 51 0 1 2 Sr#fl8UT3f:5§W«ft^V- 

lf<D-IB©«*»fflJc«iMi-^. eioWic^v^T^, HI 
IC. '\xa:7:f h h^>S?X^ (HPT) 4O^m0LV 

[0 0 6 6] HI 2jr*V^T4 lltW^tf»$4/im<Z) 

6±Jc»JKbT^tt^n^p -eUTe:cD±{cjp$m« 

5 0 0nm<OpMA lo.a Gao.7 A s ^cfcDjsK^nU 
^^^^^4 2, J?$«^Ltfft+'-»Snm©n?BGaAs 
^cfcO^£^^-xa4 3. Jf$«;l«l umCOpSA 1 
0.3 Gao.r As^^Dgu^X^^y^mAA. S^lzm^ 
mXkil 0 0 mnCDpaGaAs*<i:Dj3cS=*^ir^/:/S 
4 5€:«*MOCVDjt^l::J;t)«ifU Jglr::o±lc 

-e^-rsa 4 6 e> (OXti%ifi h ^ >-J7.9 4 0 
[0 06 71 ;i(Dj;^;5:«^^'r^2:i:IC«fcD> AAJK 5» 

u<r>m^m 5 Rtx»ffisit^#)iR 2 tc:fe(.>Tae»ii 

Stlft:U-1f3t*^^HlaarXbT^-r<J:5 ICS# 1 <0S 
SlRfilJCfflitSn. AfllA3tSli!-*I^J-ttilt1"^3K 

[0 0 6 8] ^:<Z)^:^, A*51£l-i lCj:t3T56SL'fcW 

i£bfc<J;5lc4MmgS^5teiJ'>:t*txfc«^«. cc?) 
a«^ttU3fclih7>>?A^'4 0<D'^-XS4 3ICH*> 4» 

[0 0 6 9] -;!;3t®iK^4 l(D®5f^Jt«M»<l/fc 
0, *fc«5fc««B4 1JCAl5&^=t$13:2»l?UT/t> 

^fiaUT'^-Ag4 3lcB"r^fcfiC>. 
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[0 0 7 0] Bi> z.oy^oXzVi^VV'yyVT.^^Wh' 

[0 0 7 U *%p^^«<^v-iftt±M<^)^«anr 

**3ffli:@<Z>$f»tL/TI nGaAs JR-^ I nPj^«» 
[007 2] 

cktltf. ftttga>filffi8ARI/8B«rl|pIo[)iBa0c;S;c 
[0 0 7 3] m/c:te(^)*SgK¥«*^U-i?&U^-^<^)iliS 

[0 0 7 41 J:n^*^0>^*^(*^W1flw:fel^T 

\t. }f^^mm^^^scmm^r^ch\z^^x2'^T 

[0 0 7 5] MSc*«?BJc<fentf. iSttlcD:^^ (ffi) 

i&\y^umith^\zmmMt^uf»^^z.ti)^x^^o 

[0 0 7 6] je;c*&. nlBcOiJ'^SitS^JlK^WC 
[0 0 7 7] *fc«ttllJCJtUS»r^(0/jN;5:S¥»frS 

[0 0 7 8] m\Z. m2(D^^y\^m±\zy^hh^> 

i?7.i^^m^'r^ct\z^v. Amtf^^m-:^mzm 

[0 0 7 9] *;t:7*hh^>5^A5^^«tt«t^«c-5- 
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(Hll *5!W¥»fflx-1fcF)-WCD!»iB«lSi;:*c»rffiB 

[0 2] if^w^mw v-'^o^<om<o^um^±^^ 

[0 7] 2|s:5SM^»ffl^-1fc^-«lO»jixeH"C» 
[H8] *a!9i*WfrV— tfco-WOBSKcDIftRWffi* 
[09] 2(s:5!W¥«»V-if'^*S<^WI<^>Sa5<^l6jRWS6 



J6 



[011] *S5W^W*W1fco»ii^ft(^*a<D«fi(D|l 
[012] *SS99¥«#l^--1f<^>ffi<^««^lS»WlK*ISf 

[01 31 mM(D^mv^v-^(D-m(onwmmjmv 

1 it^m^m»m^ 

2 5J^:r&KWM*BK 

5 mms 

6 ®2a>^^5;HS 

7 ^^r^y:fm 
8A 
SB 
9 

1 0 

1 3 

2 0 
20 20A 

20B 

5 0 ^^u-Ji^ea 



[BIl] 



[08] 



A<001> 



7 

.5 3«4^« 

BB^ti)(nO) 
20B«]^ 




010) 



1 ^^^IMf^ 



001) 



20>trj^ 



—495— 



(10) 



<*BB¥6-5 9 84 




[H9] 



7 ^^vrj 

.3^ 




1 -ft'fi^t* 



[B13] 



®A<001> 




20 



1 A-fi^w^*^** 



1KFffl2A 




B 





14 t/>:2 V777 



20 A 



6 fl2^79:rKj 



Mis 




3^ 
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[B14] 




50 y wife© 



y 

7 ^^vTA 



K / 




10 



-r 
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[BI6] 

A<001> 
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[iai2] 




32 5l«P 




29 
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